T-box genes constitute a conserved gene family with important roles in many developmental processes. Several family members have been implicated in human congenital diseases. Recently, mutations in TBX22 were found to cause X-linked cleft palate (CPX and ankyloglossia), a semidominant X-linked disorder affecting formation of the secondary palate. Here, we have cloned the chick ortholog of human TBX22 and have analyzed its expression during embryogenesis. Expression is very prominent in the somites and in the myotome, and in the mandible and maxilla of the developing jaw. Other sites of expression include the limbs, the cranial mesenchyme and the eye. Hence, Tbx22 expression domains encompass the regions important for the development of the disease phenotype. q
Results
T-box (Tbx) genes encode transcription factors characterized by a highly related DNA binding region termed the Tbox (Kispert and Herrmann, 1993; Kispert, 1995) . Experimental and genetic studies in vertebrates have revealed the crucial role of Tbx genes in mesoderm formation and patterning, and in the development of numerous organ systems. Mutations in several T-box genes were found to cause human congenital diseases (Papaioannou and Silver, 1998; Smith, 1999; Papaioannou, 2001) . Recently, TBX22 was found to be mutated in X-linked cleft palate (OMIM303400), CPX and ankyloglossia (Braybrook et al., 2001) . CPX is an X-linked (gene map Xq21) recessive disorder affecting formation of the secondary palate during craniofacial development. Patients are characterized by incomplete cleft palate and ankyloglossia (tongue-tied), leading to palatopharyngeal incompetence. Sometimes the cleft is submucous and associated with bifid uvula (Lowry, 1970; Bjornsson et al., 1989) . Expression of TBX22 has not been described on the cellular and tissue level making it difficult to associate TBX22 function during development with the ontogeny of the disease phenotype.
We have recently reported on the characterization of two new members of the mouse Tbx gene family (Kraus et al., 2001a,b) . Here, we extend our efforts on identification and characterization of vertebrate T-box genes, and report the cloning and expression analysis of a novel chick T-box gene, Tbx22. Chick Tbx22 was isolated from an embryonic day 2 (E2) chick cDNA library. The sequence of the fulllength cDNA comprises 2618 nucleotides and contains a single large open reading frame encoding a protein of 489 amino acid residues (Fig. 1A) . Sequence conservation and expression pattern suggest that chick Tbx22 is the ortholog of human TBX22 that was recently found to be mutated in CPX (Laugier-Anfossi and Villard, 2000; Braybrook et al., 2001) . Within the T-box, sequence identity between the chick and human protein (AY035371) is 89.6%. Outside the T-box, stretches of conserved sequence are observed at the N-terminus as well as in the C-terminal region. The human protein is distinguished by a 30 amino acid insertion in the N-terminal region. Amino acid identity between the human and chick gene amounts to 66.7% over the entire amino acid sequence (Fig. 1B) .
In situ hybridization analysis was used to determine the expression of Tbx22 during gastrulation and early organogenesis stages of chick development (Figs. 2 and 3 ). Tbx22 First, Tbx22 expression was detected at the definitive streak stage (HH4) in the mesoderm adjacent to the anterior primitive streak ( Fig. 2A) . At the late primitive streak stage Tbx22 expression was detected in two wings of mesodermal cells in the anterior third of the embryo (Fig. 2B ). With onset of somite formation, expression is detected both in the segmentally organized somitic, and in the unsegmented presomitic (segmental plate) and cranial paraxial mesoderm (Figs. 2C-J and 3A-C). Tbx22 expression is found in two stripes in the segmental plate representing the anterior halves of two newly forming somites (somitomeres) (Figs. 2F (stars) and 3A). In epithelialized somites, Tbx22 expression is restricted to the anterior halves where it becomes gradually confined to the (dermo)myotomal compartment (Figs. 2E-J and 3B). In differentiated somites, expression (Fig. 3J) . Two additional Tbx22 expression domains may reflect developing muscles of somitic origin. At E3, two bilateral wings of mesenchymal cells originating from the region between somites 4 and 6 show Tbx22 expression (Fig. 2G  (arrowhead) ). These cells may represent precursors of tongue muscles that were recently shown to be marked by Tbx3 expression (Huang et al., 1999) . Expression is transient and downregulated by E4. Between E4 and E5 expression of Tbx22 is also found in the forelimb and hindlimb anlagen (Figs. 2H-J (arrows and arrowhead in H) and 3D, F, G). In the forelimb, two spots of mesenchymal cells lying in the anterior proximal region are Tbx22 positive (Fig. 2H) . In the hindlimb two tear-shaped mesenchymal cell aggregates both at the dorsal and ventral side of the proximal anterior limb bud are positive (Figs. 2H, J and 3F, G) . Limb expression domains of Tbx22 may represent muscle precursors originating in the adjacent somites.
Expression of Tbx22 extends from the segmented somitic region into the non-segmented cranial region. The cranial paraxial or head mesoderm contributes to different groups of voluntary cranial muscles and some components of the chondrocranium (Tam and Trainor, 1994) . Expression at primitive streak stages may represent precursor cells of the cranial (and the somitic) paraxial mesoderm ( Fig. 2A,  B) . Expression of Tbx22 is found in the cranial paraxial mesoderm of the mid/hindbrain region at early somite stages (Fig. 2C, D) . There, expression is maintained at least until E3 (Fig. 2E (arrow), G) . From E4 onwards, strong Tbx22 expression is detected in the mesenchyme surrounding the eye. Expression in this domain is maintained at least until . Tbx22 expression is mesenchymal, i.e. excluded from the epithelium (arrows). a, aorta; di, diocoele; dm, dermo(myo)tome; e, eye; fl, fore limb (bud); fp, frontonasal process; hl, hind limb (bud); hy, second (hyoid) arch; mb, first (mandibular) arch; mx, maxillary process; nc, notochord; np, nasal pit; nt, neural tube; so, somite; tc, telocoele; tel, telencephalic vesicle. E6, then probably reflecting Tbx22 transcripts in the ring muscles of the eyes (Figs. 2H, I , K and 3D, E, H and data not shown).
Tbx22 expression is prominent during craniofacial development. At HH stage 18, (E3), expression is detected in the fronto-nasal mesenchyme, in the neural crest derived mesenchyme of the first and second branchial arch (also weakly in the third arch) in subdomains bordering the clefts (Fig. 2G) . At E3.5-4 (HH22), Tbx22 expression can be detected in the mesenchyme surrounding the cleft between the maxillary and mandibular process of the first branchial arch, and in the mesenchyme of the aboral half of the second (hyoid) arch. Expression is maintained at a weaker level in the third and fourth branchial arch mesenchyme (data not shown). At E4, Tbx22 expression remains strong in the hyoid arch (mesenchyme of aboral half only), and in the mandibular and the maxillary region. There, expression is strong in the mesenchyme adjacent to the cleft (Figs. 2H and 3D, E, H). At E5, Tbx22 expression is detected in the mesenchyme close to the borders of the palatal processes of the maxilla (Fig. 2K) . Expression in the mesenchyme of the mandible and maxilla is maintained until at least E6 (data not shown).
Materials and methods

Isolation of chick Tbx22
Using the T-box of a mouse Tbx8 cDNA (A.K., unpublished) as a probe, we screened an E2 chick phage cDNA library under low stringency conditions and identified several clones encoding cDNAs of novel chick T-box genes. Three of them, showing myotome expression were further analyzed. The longest cDNA insert was rescued in plasmid vector. The 2.6 kb cDNA was completely sequenced. Sequence analysis was performed using MacMolly Tetra sequencing software. The sequence of chick Tbx22 was deposited in the GenBank database under the accession number AF514777.
Eggs and embryos
Fertilized eggs were incubated in a humidified atmosphere at 388C. The embryos were staged by the number of somites, by the days of incubation (E) and according to Hamburger and Hamilton (1951) .
Expression analysis
For in situ hybridization analysis a digoxigenin labeled riboprobe transcribed from the 2.6 kb chick Tbx22 cDNA was used. Whole mount in situ hybridization followed the protocols by Parr et al. (1993) and Knecht et al. (1995) . Section in situ hybridization analysis, histology and documentation were based on procedures described by Lescher et al. (1998) .
